The aim of our research was to gain data about the efficacy of intravitreal injections of a recombinant tissue plasminogen activator (rTPA) in dissolving vitreoretinal tractions (VRTs). Materials and methods: The study group consisted of patients of our Ophthalmology Clinic who had received an injection of rTPA (TPA Group) for an existent vitreomacular traction confirmed by optical coherence tomography and stereoscopic examinations. The control group consisted of patients who had declined treatment despite the existence of a vitreomacular traction confirmed by the same diagnostic methods. Each group consisted of 30 people (30 eyes). The observation period was 6 months.
Introduction
The weakening of vitreoretinal adherence result in posterior vitreous detachment (PVD). Vitreolysis without an accompanying weakening of vitreoretinal adherence results in emerging tractions. If the traction appears within the peripheral part of the retina, then it causes a rhegmatogenous retinal detachment. If it appears within the macula, then it causes a vitreomacular traction (VMT) syndrome or a macular hole. If the vitreous traction is strong enough, then it leads to a local retinal detachment between the retinal pigmented epithelial (RPE) and the neurosensory layer. It results from RPE (as well as submit your manuscript | www.dovepress.com
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Raczyńska et al the choroid) being developmentally part of an ectoderm while the photoreceptors belong to the neuroectoderm. For retinal detachment to occur, the traction force of the vitreous must be strong enough to overcome the three forces "glueing" the retina to the choroid: 1) "intertwining" of the photoreceptors with the projections of the RPE cells, 2) the "suction" force, ie, the RPE pump creating negative pressure in the subretinal space, and 3) the mucopolysaccharide "glueing" forces between the sensory retina and the RPE. 1 VMT syndrome was described for the first time by Jaffe 2 in 1967 as partial peripheral detachment of the vitreous with preserved posterior attachment to the macula. Adhesion between the hyaloid membrane and the retina can occur in any given area of the latter; however, it most often occurs in the posterior pole of the eyeball, including the macula (VMT syndrome) and the optic disc areas. As the vitreous gradually constricts (syneresis), traction on the retina appears. Such adhesion causes the appearance of traction forces both in the antero-posterior and in the tangential planes. 3 The course of the disease is largely determined by the traction placement (focal or wide-based) and by the degree of PVD. Membrane traction within the fovea most often results in macular edema, and may even lead to the development of a macular hole. Vitreal tractions within the peripheral retina may result in holes, most often horseshoe shaped.
histology
Electron microscopy of the vitreoretinal tractions (VRTs) revealed that they consisted mostly of fibrous astrocytes, with accompanying fibrocytes, myofibroblasts, inner limiting membrane (ILM) fragments, collagen, and single macrophages. 4 No RPE cells were observed.
etiology
The VMT syndrome is observed in the case of: incomplete PVD and in vitreoretinal proliferations (PVRs), eg, in the course of diabetes, after massive retinal detachment, injuries, and eye inflammations. It is suspected that during an incomplete PVD (vitreoschisis) there is cell migration from deeper layers of the retina with their proliferation on the vitreoretinal border, due to micro-injuries to the retina. This could be a defensive reaction of the retina to the traction of a constricting vitreous body. Another theory assumes that VRT develops as a result of previous accumulation of retinal cells in the inner layers. It is supposed that this causes stronger adherence between ILM and the posterior vitreous membrane. 5 Fibrous vitreoretinal proliferations (PVR) seen in the course of diabetes, as well as in other diseases accompanied by retinal hypoxia, are accompanied by new vessels appearing on the pathological membranes and optic disc as well as in other parts of the retina. PVRs are strong, glial tractions, their spread and constriction resulting in antero-posterior and "bridge" tractions of the retina. This process leads to rhegmatogenous retinal detachment, and without treatment, to complete detachment and loss of vision. It should be stressed here that the PVR-type VRT is much stronger, the membrane thicker, and the course of the disease more severe.
VMT syndrome is often accompanied by the presence of an epiretinal membrane (ERM). 6 This situation leads both to horizontal corrugation of macular structures and to additional traction from the vitreous body. The latter often encompasses both the optic disc and the fovea. The macula then becomes edematous, may detach itself, and a hole may develop. With the coexistence of VMT and ERM, the incidence of full-thickness macular hole is greater. 7 Spontaneous regression of tractions is rare but possible and depends on the membrane properties.
symptoms
VMT symptoms include reduced visual acuity, metamorphopsia and sometimes double vision.
Diagnosis
The presence of subtle tractions within the macula can easily be overlooked during a fundoscopy, ultrasound examination or in a fluorescein angiography (FLA). It is much easier to detect PVR membranes, even by ophthalmoscopy, as they are thicker, tractions stronger and often vascularized. The same applies to macular pucker (ERM) and traditional retinal detachment. Unlike ERMs, VMT more often lead to leaks in the optic disc, visible in the FLA. 8 VMT may be suspected if we can see macular edema. In such cases we should see a fluorescein leak in the FLA. In cases of ERM, the most precise diagnostic tool for VMT is the optical coherence tomography (OCT). With the availability of 3D scans we presently have the best possible view of the delicate vitreoretinal structures.
Treatment of VMT
In the advanced proliferative processes the method of choice is pars plana vitrectomy (PPV), enzymatic vitreolysis (Table 1) and indirectly, systemic pharmacotherapy that is used less often. Pharmacotherapy of PVR consists of controlling inflammation (dexamethasone), decreasing cell adherence to membranes (heparin), and limiting cell proliferation (irradiation, colchicine, daunomycin, and 5-fluorouracil). Pharmacotherapy regimens used for PVR are Heparin + Dexamethasone, 9 Drug Design, Development and Therapy 2015:9 submit your manuscript | www.dovepress.com
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enzymatic vitreolysis with rTPa for VMT Daunomycin, 10 and LMW Heparin + 5-fluorouracil. 11 Other proposed therapies include immunosuppressants, cytotoxic drugs, eg, Vit 100 (immunosol), PCNA (proliferating cell nuclear antigen). Additionally, intra-operative injections with mixtures of heavy silicone oils help to treat against PVRs. 12 The only enzyme currently approved for VMT treatment is ocriplasmin (Jetrea) (ThromboGenics, Leuven, Belgium). Ocriplasmin is a fragment of human plasmin manufactured by genetic recombination techniques in Pichia pastoris yeast. Plasmin injections have been used for a considerable time (prior to vitrectomy for PVD they were used in the treatment of diabetic macular edema (DMO) and stage III macular holes). However, the process of plasmin manufacturing itself is a long and costly one, and the enzyme is labile (short-lived). This fuelled efforts to produce a new enzyme -microplasmin. The MFVI (Microplasmin For Vitreous Injection) trial produced promising results. After the administration of ocriplasmin closure of macular hole was achieved in 40.6% of eyes as compared with only 10.6% of eyes treated with a placebo. VMA traction receded by day 28 in 26.5% of patients given ocriplasmin compared with 10.1% in the placebo-treated group. Also, compared with the control (placebo) group, total PVD was achieved in a significantly higher percentage of ocriplasmin-treated patients by day 28.
enzymatic vitreolysis
The aim of enzymatic vitreolysis is to liquefy the vitreous (synchysis) and to facilitate PVD by breaking bonds between ILM and vitreous cortex (syneresis). These processes should be concomitant.
One of the classifications of enzymes used for pharmacological vitrectomy was proposed in 1998 by Sebag. 14 He divided the enzymes into those acting specifically on a given substrate (eg, chondroitinase, hyaluronidase, and collagenase) and those acting non-specifically, eg, plasmin and dispase. Sebag, 15 who has been pursuing the subject of vitreolysis for years, underlines that the future of this non-invasive technique may lie in combination therapy.
endogenous TPa
Tissue plasminogen activator (TPA) occurs naturally in the tissues of the eye, such as the vitreous humor and vitreous body. 16 The role of TPA in the aqueous humor is to lyse the fibrin, which forms during inflammatory processes in the eye. The breakdown of the eye-blood barrier manifests itself through an increased concentration of fibrinogen, which is converted to fibrin with the aid of thrombin. Endogenous TPA deficiency results in a build-up of deposits. Fibrin may deposit in the posterior lenticular capsule (after an implantation of an artificial intraocular lens) and can lead to a secondary cataract, or it may deposit in the iridocorneal angle resulting in glaucoma.
In trials investigating the proteolytic activity of ERMs, both TPA and urokinase were detected. 17 Thanks to the concomitant production of intercellular matter and the proteolytic 
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The use of rTPa in ophthalmology
Recombinant tissue plasminogen activator (rTPA) (Actilyse, manufactured by Boehringer Ingelheim Pharma KG, Ingelheim, Germany) is a specific serin protease. TPA converts plasminogen to plasmin due to its ability to break a peptide bond between arginine 560 and valine 561. This enzyme acts specifically in the presence of fibrin. 18 rTPA has been used in ophthalmology for years. As early 1989 Johnson et al 19 described intravitreal rTPA injections as effective in hemorrhages into the vitreal cortex. The enzyme is widely used in the treatment of subretinal hemorrhages, [20] [21] [22] fibrous membranes in the anterior chamber, 23, 24 thrombi, 25, 26 intravitreal hemorrhages in silicone oil filled eyes, 27 in maintaining patency of iridectomy, 28 and in fibrinolysis of fibrous deposits within implants. 29, 30 It has also been used for achieving PVD. 31 PVD is particularly important in patients with DMO. In DMO as well as in thrombi accompanying vitrectomy great emphasis is placed on meticulous removal of the vitreal cortex. [32] [33] [34] [35] It is assumed that PPV prevents retinal hypoxia.
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Materials and methods
Patient selection study group
The study group consisted of patients of our Ophthalmology Clinic (Ophthalmology Department Medical University in Gdańsk), who had received an injection of rTPA (TPA Group) for an existent VMT confirmed by OCT and stereoscopic examination of the posterior segment of the eye.
control group
The control group consisted of patients who had declined treatment despite the existence of a VMT confirmed by the same diagnostic methods. They only agreed to their disease being monitored. Each group consisted of 30 persons (30 eyes). All patients gave an informed consent to participation and possible treatment.
Patients in both groups had to fulfill the following diagnostic criteria:
Inclusion criteria: age -above 18 years of age, diagnosis confirmed by specialist ophthalmological examination, an informed consent form having been signed.
Exclusion criteria: proliferative diabetic retinopathy, visual acuity below 0.1 on Snellen chart, pregnancy or lactation, hypersensitivity to the active substance or to any of the excipients, active systemic inflammatory process as well as inflammation of the eye, patients with intravitreal hemorrhage, ophthalmoscopic procedure within the last 3 months. Other excluding factors were high myopia, peripheral degeneration of the retina, neoplastic changes of the eyeball and adnexa oculi, optical media opacity preventing eye evaluation in the OCT, patients with unstable ciliary zone, ill-controlled glaucoma (defined as intraocular pressure .26 mmHg despite treatment) or retinal detachment.
Tests used for statistical analysis were performed six times: on days 0 (day of injection), 7, 14, and 28, as well as after 3 and 6 months. The study period was 6 months. For the TPA Group day 0 was the day of intravitreal rTPA injection. Patients taking antithrombotic agents were advised to withdraw them for 7 days prior and we also sought to normalize blood pressure in patients with hypertension. All participants had a distance visual acuity test using Snellen charts, with best lens correction, slit-lamp examination of the anterior eye chamber as well as eye fundus and intraocular pressure measurement. The measurement of retinal thickness and thickness of the membrane participating in the VRT in the fovea was taken by Carl Zeiss Meditec Stratus OCT 3000.
Performing intravitreal rTPa injection
Actilyse (Boehringer Ingelheim) 20 mg dry substance was dissolved in 20 mL of Sol-Ophthal solvent and divided into single doses. Syringes with dissolved drug were frozen to -70°C. The dissolution and storage procedure had been described previously in the literature. 37, 38 Before administration, the drug was re-warmed to room temperature. After disinfection of the eyelids and the conjunctival sac with Povidone Iodine solution, and topical anesthesia with proxymetacaine hydrochloride (Alcaina), 0.1 mL (ie, 50 µg) of the rTPA preparation was injected intravitreously using an insulin needle, 3.5-4 mm from the corneal limbus.
The research project was approved by the Independent Bioethics Committee of the Medical University in Gdansk (resolution No NKEBN/56/2010).
Statistics
Statistical calculations were performed using the StatSoft, Inc. (2010) STATISTICA (data analysis software system), version 9.1, www.statsoft.com, and Excel calculation sheet.
sex
The chi-square test revealed no statistically significant sex differences between groups (chi-square value: 0.0667408, P=0.7961). Sex distribution in both groups was similar. In the TPA group, the average age was 66.47 (SD 8.90) years, and in the control group 69.77 (SD 9.67) years (medians: 68 and 72 years, respectively). The age in both groups was from a population of normal distribution. The Student's t-test showed no statistically significant age differences between the groups (Student's t-test value: 1.375874, P=0.1742). In both groups, the age was similar.
Membrane thickness
In the TPA group, the average membrane thickness decreased significantly (Student's t-test value: 3.278675, P=0.0029) while in the control group no statistically significant differences in membrane thickness were seen (Student's t-test value: 1.049412, P=0.3027).
Results were also obtained from the analysis of variance (ANOVA) using the division into two groups (TPA and control) and the time of membrane thickness measurement (at baseline and after 6 months). We obtained statistically significant differences in membrane thickness and the time of measurement (ANOVA value for time variable: 11.309, P=0.0013, for group variable: 2.955, P=0.0911 and for the (time + group) variable: 4.842, P=0.0319). The above results indicate that time and (time + group) variables have significant impact on membrane thickness. By performing post hoc tests (Tukey's test), we obtained results similar to the above Student's t-tests, the only statistically significant differences were those for the TPA group: the membrane thickness decreased significantly (P=0.0017).
Diseases
In both groups most people were affected with diabetes (TPA -60.0%, control -53.3%) (Figure 1 ).
Vitreoretinal traction
In the TPA group there were ten participants with dissolved traction (33.3% of the group) while in the control group 5 (16.7%) (Figures 2 and 3) .
In the TPA group traction dissolution occurred mostly within the first half of the study period, ie, up to 3 months from the drug injection.
Membrane dissolution and retinal thickness
To investigate whether retinal thickness had changed in the examined groups, we performed a paired Student's t-test. In the TPA group, the retinal thickness decreased significantly (t-test value 3.956708, P=0.0042). Similar results were obtained for the control group (t-test value 3.744602, P=0.0200).
In both the tested and control groups, there was a decrease in macular edema after 6 months when the VRT had been dissolved. The performed analysis has shown that the average membrane thickness allowing an expected traction dissolution is 43.67 µ (SD 7.35).
Visual acuity
To test the significance of visual acuity differences between groups we performed a chi-square test comparing visual acuity for particular time lapses (Figure 4 ).
Calculations allow us to conclude that in the control group visual acuity decreased within 6 months from the beginning of the trial while in the TPA group the visual acuity improved slightly.
intraocular pressure
A Friedman Test showed statistically significant differences in the median intraocular pressures for particular time lapses (test value 87.96554, P=0.0001). The results showed that despite the increase in intraocular pressure after injection (day 0) this was only temporary and underwent normalization within 2 weeks from the drug administration (Figures 5 and 6 ).
Discussion
One of the main aims of vitrectomy is to remove most of the vitreous body. It is of particular importance that a vitrectomy is performed for PDR, PVRs presence, macular peeling, rhegmatogenous retinal detachment, or cortical intravitreous hemorrhage. Mechanical vitrectomy to achieve PVD is very risky, especially in young patients, in whom the bonds between the vitreal cortex and the retina are strong. 39 Such a vitrectomy may lead to the formation of iatrogenic holes in the retina. 40 Another possible complication of vitrectomy resulting from operating in the proximity of the retina is bleeding from the retinal or uveal vessels. Incomplete Figure 4 Median of visual acuity in the examined groups in particular time lapses. Notes: The U Mann-Whitney test showed no statistically significant differences in the median visual acuity between the examined groups for any given time lapses. Abbreviation: TPa, tissue plasminogen activator. Recently, the number of posterior PPV paired with the still controversial macular peeling (ILM removal) has increased. It is known that the ILM membrane is a form of scaffolding for proliferating astrocytes 41 and its removal is to prevent their re-proliferation on the surface of the retina. There is also a theory suggesting that its removal during a macular hole procedure decreases the traction tangential to the retina, improving the shape of the latter and allowing for re-mobilization. 42 At present, this technique is widely used. Other research suggests that although ILM peeling during a macular hole procedure improves macular architecture, it does not improve visual acuity. 43 Another group of patients in whom macular peeling is performed is that with diabetic retinopathy. Gandorfer et al 44 was one of the first to observe a decrease in diffused macular edema, improvement of visual acuity, and lack of secondary ERM formation after a posterior PPV with macular peeling. The increase in number of vitrectomies performed is linked to an improvement in the diagnostics of disease within the macula but also to an increased incidence of type 2 diabetes and increased longevity of patients.
Unfortunately, posterior vitrectomy, recently increasingly paired with ILM and ERM peeling, is linked with a high risk of iatrogenic retinal damage. The removal of ILM (which is only a few microns thick, approximately 10 times thinner than a human hair) with tweezers is an extremely difficult and demanding procedure, even for an experienced surgeon. The procedure carries the risk of an iatrogenic hole in the retina and damage to RPE cells. 45 Park et al 46 operating 98 patients for macular hole, estimated a risk of complications in 23%. The complications included creation of a hole in the retina, increase in the size of such a hole, development of a hole during the post-operative period, loss of RPE cells below the hole and inflammation of the eyeball.
The vitreous is an active component in the pathogenesis of many ophthalmological diseases, eg, VRTs, degeneration and retinal holes, hemorrhages, and pathological vessel proliferation. It is integrally bound with adjacent eye compartments. In the case of the fovea, it is of utmost importance to determine the degree of adherence between the retina and the vitreous cortex. Until very recently, without OCT such procedure was not possible as delicate membranes were difficult to observe in the stereoscopic examination. Equally difficult to monitor was progressing macular edema.
In our own research, the mean baseline membrane thickness in the TPA group was 53.90 (9.34), while in the control group it was 49.63 (8.45) . The lowest membrane thickness in the TPA group was 38 and the highest 76 µ. For the control group, the corresponding values were 32 and 63 µ, respectively.
After 6 months, the average membrane thickness in the TPA group decreased significantly (Student's t-test value 3.278675, P=0.0029) while in the control group no statistically significant differences were seen (Student's t-test value 1.049412, P=0.30277). This result was confirmed in the additional ANOVA and by Tukey's test.
Moreover, from the statistical analysis of successful vitreolysis cases from both examined groups we obtained an average vitreoretinal membrane thickness at which traction dissolution can be expected of 43.67 µ (7.35).
Observation of retinal thickness allowed us to conclude that this parameter decreased with time in both groups when the VRT has been dissolved.
In both TPA and control groups, in cases where VRT dissolved, macular edema decreased after 6 months.
In the TPA group traction dissolution occurred mostly in the first half of the trial period, ie, up to 3 months from the drug administration.
Calculations allowed us to conclude that in the control group there was a visual acuity loss within 6 months from the trial commencement while in the TPA group the visual acuity slightly improved.
Test results also showed that despite an increase in intraocular pressure immediately following the drug injection (day 0), this was transient and underwent normalization within 2 weeks from the drug administration.
Observing patients from the control group, ie, in the group representing a natural course of the disease (VRTs), we noticed that spontaneous VRT resolution occurred most often when at baseline such traction was thin.
At the same time the percentage distribution of the traction dissolution in the TPA group, depending on the disease, showed that traction dissolution occurred most often in patients with developing macular hole, in whom the traction was similarly thin. An additional advantage in this group was the lack of ERM. It seems the baseline thickness of the membrane participating in the VRT is an important prognostic factor for VRTS.
Only recently, with the use of modern diagnostic technology such as OCT has it been recognized how many pathological processes take place in the eye simultaneously. The DMO is frequently accompanied by taut and thickened posterior hyaloid, preretinal membrane formation, and even VMT syndrome. Etiology of the VRTs arising from the fovea is complex and depends on many factors, including age, underlying disease, its duration, concomitant diseases, history of surgical procedures, and finally on the patient's general well-being.
In the presented work, the distribution of particular diseases in both groups was very similar. The most numerous subgroup was patients with diabetic retinopathy followed by those with a history of uveitis and patients after eye injuries. Additionally, 20% of the TPA group patients had a macular hole forming and 20% of the control group wet age-related macular degeneration. The most numerous subgroup, patients with diabetic retinopathy (60.00% of the TPA group and 53.33% of the control group), also had the highest percentage of the ERM and present in almost 47% of both TPA and control groups. As shown by the 6-month observation of patients with VRTs in the course of diabetic retinopathy, a single injection may not be sufficient. A similar conclusion was drawn by Stalmans et al 47 suggesting that in cases of VMTs better treatment effects could be achieved with several microplasmin injections.
Following the trial, we now suspect that significant prognostic factors for membrane dissolution are 1) its composition (whether it contains only fibrin or also cell/tissue elements), 2) duration, and 3) whether it is accompanied by an ERM.
It seems that in predicting the course of the disease all components of "the vitreoretinal puzzle" have to be taken into account.
The ever-increasing number of posterior PPVs used to remove membranes suggests that without the aid of surgery the problem of VRTs will remain with us for a very long time. Strong tractions, especially with accompanying ERM, can only be removed mechanically.
For years the suitability of numerous enzymes for PVD generation, ERM peeling facilitation, vitreous hemorrhage dissolution, treatment of subretinal hemorrhages, thrombi and emboli, as well as fibrinolysis of deposit build-up on artificial implants have been tested.
Taking into consideration that eye tissues are extremely sensitive even to minor metabolic changes, not all of the described enzymes have entered into everyday use.
Enzymes used for intravitreous injections should be non-toxic to the retina and should not cause cataracts or blurred vision.
Conclusion
An exemplary VRT that will most probably dissolve after a single rTPA injection is weak (with an average membrane thickness of 43.67 µ ±7.35 SD) with no coexisting ERM. rTPA is a safe drug. In the trial material, no complications were observed. After the dissolution of the VRT, visual acuity improves slightly. This is much better that in the control group, where vision markedly worsens with disease progression. OCT/SOCT is acceptable as the basic diagnostic procedure for selecting patients with VRTs for rTPA injections. Moreover, OCT/SOCT retinal examination provides quantitative parameters allowing monitoring of the course of the disease.
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